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1
ANTIHYPERTENSIVE ACYLPYRAZINES

SUMMARY

The present invention relates to acylpyrazines useful
in the treatment of hypertension.

The present invention also relates to pharmaceutical
compositions comprising said acylpyrazines and to a
method of treating hypertension comprising administer-
ing said compounds or compositions to a mammal in
need of such treatment.

DETAILED DESCRIPTION

Compounds of the present invention are represented
by the formula

I I\NH—(CHZ),,-—NH NHR3;
R1HN NHR>
wherein
n is 2-6;

RisF, Cl Brorl:

R and R; are independently hydrogen or lower alkyl;

R3 i1s hydrogen, lower alkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, lower alkylaryl,
substituted lower alkylaryl, lower alkylheteroaryl or
substituted lower alkylheteroaryl;

Y is =CH— or =N—;

Z 1s hydrogen, cyano or carbamoyl when Y is —N-—,
and when Y is —=CH—, Z is nitro:

and the pharmaceutically acceptable acid addluon salts

thereof.
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The compounds of this invention have basic substitu-
ents (e.g. the nitrogens of the pyrazine ring) and form
acid addition salts with organic and inorganic acids,
e.g., HCl, HBr, H;SO4, methanesulfonic acid, toluene-
sulfonic acid, maleic acid, fumaric acid and camphorsul-
fonic acid. The non-toxic pharmaceutically acceptable
salts are preferred.

The salts may be formed by conventional means, as
by reacting the free base form of the product with one
or more equivalents of the appropriate acid in a solvent
or medium in which the salt is insoluble, or in a solvent
such as water which is then removed in vacuo, or by
exchanging the cations of an existing salt for another
cation on a suitable ton exchange resin.

Compounds of this invention may exist in anhydrous
form as well as hydrated forms. In general, the hydrated
forms are equivalent to the anhydrous form for the
purpose of the invention.

Compounds of formula I can be prepared by methods

20 ‘well known to those skilled in the art. For example,
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As used herein, the term “lower alkyl” refers to .

straight or branched carbon chains of 1-6 carbon atoms.
“Aryl” refers to an aromatic carbocyclic group of 6 to
10 ring carbon atoms in a single or fused ring system,
e.g. phenyl and naphthyl, and “heteroaryl” refers to
aromatic heterocyclic groups comprising 5 to 6 ring
members wherein 1 to 3 ring members are heteroatoms
selected from oxygen, nitrogen and sulfur, e.g. pyridyl,
thienyl, furanyl and imidazolyl. All positional isomers,
e.g. 2-pyridyl, 3-pyridyl and 4-pyridyl, are contem-
plated. “Substituted aryl” and “substituted lower alkyl-
aryl” and ‘“‘substituted heteroaryl” and “substituted
lower alkylheteroaryl” refer to aryl, heteroaryl, lower
alkylaryl and lower alkylheteroaryl groups wherein the
aryl and heteroaryl groups may be substituted with 1-3
substituents selected from lower alkyl, lower alkoxy,
halogeno (i.e., chloro, fluoro, bromo and iodo), amino,
carboxy and lower alkoxy carbonyl. As used herein,
“lower alkoxy” refers to alkoxy groups having 1-6
carbon atoms in a straight or branched chain.

Preferred compounds of formula I are those wherein
n is 2. Also preferred are compounds of formula I
wherein Y is =—=N—. Chioro and iodo substitution is
preferred at R. R!and R? are preferably hydrogen, and
R3 is preferably hydrogen or lower alkyl.

More preferred are compounds wherein Y is =N—
and Z is cyano. Especially preferred are compounds
wherein n is 2, Y is =N-— and Z is cyano. Also espe-
- clally preferred are compounds wherein n is 2, Y is
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compounds of formula I wherein Y is =N— and Z is
Cyano can be prepared by reacting a pyrazine caboxylic
acid of formula II with a cyanoguanidine of formula III:

I ICOOH
RlHN NHR;
IT
II‘iICN
HyN—(CHj)y—NH=—C==NHR3 ——>I

II1

The reaction is carried out in an inert solvent such as
dimethylformamide in the presence of a coupling agent
such as 1,1'-carbonyldiimidazole. The resulting com-
pound of formula I wherein Z is cyano may be hydro-
lyzed with an acid such as trifluoroacetic acid to pre-
pare the corresponding compound wherein Z is car-
bamoyl. Alternatively, the cyano compound of formula
IV may be hydrolyzed to the carbamoyl derivative
before compounds of formula II and III are coupled.

Compounds of formula III can be prepared by react-
ing dimethylcyanodithioimide (IV) with an amine of
formula V in an inert solvent in the presence of a base
such as triethylamine, then reacting the product with a
diamine of formula VI (e.g. diethylamine) to give a
compound of formula III. The following reaction se-
quence exemplifies this procedure:

NCN o NCN
/!'!\ Et3N /!!\
H3CS™ SCH3 + HyNR3; ——>H3CS~ NHR;
v v

A\ |

VI + HaN—(CH3),—NH; ——>III .
VII

wherein n and Rj are as defined above.

65

=N—, Z 1s cyano, R and R; are each hydrogen and R3

is hydrogen or lower alkyl.

- Compounds of formula I wherein Y is ==N— and Z is
hydrogen can be prepared by reacting an amine of for-
mula VIII with a thmpseudourea such as that shown in
formula IX:
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~
Ri{HN N NHR3
VIII

NH 10

N .

SCHj3
2
iX

H>N

The reaction is carried out in a protic solvent such as 13

water/methanol at elevated temperatures (e.g. on a
steam bath).

Compounds of formula I wherein Y is =CH—and Z
1s nitro can be prepared according to the following

\ 20
reaction scheme:

H NO
VIII +- Y :
Hycs”  SCH; 25
X \
(I:I} I'Kn/NOZ
N
RI I\NH_(CHZ)H—NHAS(Zm 30
<~y
R{HN N NHR;
X1
o N 35
O 02
i hd
R N N
— NH~(CHj),—NH NHR3
R3NH;
X[mm——> |
-~
R{HN N NHR; 40
X1

The reaction between the amine of formula VIII and
1,1-bis(methylthio)-2-nitroethylene (X) is carried out in 45
a protic solvent such as isopropanol at elevated temper-
atures. The methylthio compound of formula X1 is then
converted to the product of formula XII by treating
with the appropriate compound of formula R3NH>.

EXAMPLE 1

N-{2-[N’-methyl-N"-cyano)guanidino]ethyl]-3,5-
diamino-6-chloropyrazine-2-carboxamide,
hydrochloride

Step 1: Add dimethylcyanodithioimide (5 g) to me-
thylamine saturated methanol (MeOH) (10 ml) and stir
at 0° C. for 2 hours. Filter the resultant solution and
recrystallize the solid from ethanol (EtOH) to obtain
N-cyano-N',S-dimethylisothiourea.

Step 2: Combine the product of Step 1 and ethylene-
diamine (4 ml) in acetonitrile (CH3CN) (15 ml) and stir
for 60 hours. Filter the resultant solution and recrystal-
l1ze from EtOH to obtain N-methyl-N'-aminoethyl-N"'-
cyanoguanidine (15 g).

Step 3: Add 3,5-diamino-6-chloropyrazine-2-car-
boxylic acid (0.5 g) and 1,1-carbonyldiimidazole (CDI)
- (0.433 g) to dry dimethylformamide (DMF) (10 mi) and
stir for 2 hours until precipitation is complete. Add the
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product of Step 2 (0.28 g) and stir for 48 hours. Evapo-
rate the solvent in vacuo and partition the resultant
residue between water and ethylacetate (EtOAc), ex-
tract the aqueous layer with diethyl ether (Et;0), dry
the organic layer over MgSQy, filter and evaporate the
solvent 1n vacuo. Chromatograph the resultant residue

on a low pressure reversed phase column using
CH3CN:H>O as eluent, combine the desired fractions

and evaporate the solvent. Dissolve the resultant resi-
due in dilute hydrochloric acid (HCI) and evaporate the
solvent to obtain the title compound (0.18 g). M.p.
239°-241° C.; M+ =312; elemental analysis: calculated
value for CioHi4CINgOsHC! is C=34.499,
H=4.34%, N=136.20%, value found is C=234.72%,
H=4.,38%, N=36.19%.

EXAMPLE 2

N-[4-[(N'-methyl-N"-cyano)guanidino]butyl]-3,5-
diamino-6-chloropyrazine-2-carboxamide

Substitute N-methyl-N'-aminobutyl-N"'-cyanoguani-
dine for the corresponding ethyl compound in Step 3 of
Example 1 and proceed through the partitioning in
EtOAc/H30. Separate the organic layer, wash with
water and dry over MgSOQs. Filter and evaporate the
solvent. Chromatograph the resultant residue, eluting
with methylene chloride:MeOH, (4:1), to obtain the
title compound as a yellow solid, M+ =339, thin layer
chromatography R/=0.5 (CH,Cl;:CH3;0H, 4:1).

EXAMPLE 3

N-[2-[(N’-carbamoyl-N"-methy])guanidinojethyl]3,5-
diamino-6-chloropyrazine-2-carboxamide
hydrochloride

Method 1

Combine the product of Example 1 (0.1 g) and trifluo-
roacetic acid (10 ml) and stir at room temperature for 18
hours. Evaporate the solvent and triturate the resultant
residue in water. Filter and dry the solid, then redis-
solve the residue in 0.IN HCI. Evaporate the solvent
and triturate the resultant residue in Et»Q. Decant the
solution and dry the residue in vacuo to obtain the title
compound.

Method 2

Step 1: Stir N-methyl-N'-aminoethyl-N"-cyanoguani-
dine (0.5 g) and 1N HCI (8 ml) for five days. Evaporate
the solvent and recrystallize the resultant white solid
from EtOH/water to obtain N-methyl-N'-aminoethyl-
N"-carbamoyl guanidine.

Step 2: Follow the procedure of Exampie 1, Step 3
through the partitioning in EtOAc/H;O. Dry the
EtOAc with MgSQsa, filter and evaporate the solvent in
vacuo to obtain the title compound, M+ =329.

EXAMPLE 4

N-[2-[(N-(1-methylamino-2-nitroethylidene)amino]-
ethyl}-3,5-diamino-6-chloropyrazine-2-carboxamide

Step 1: Add N-(aminoethyl)-3,5-diamino-6-
chloropyrazine-2-carboxamide (0.25 g) and 1,1-bis(me-
thylthio}-2-mitroethylene (0.18 g) to isopropanol (10 ml)
and heat at 70° C. for 18 hours. Evaporate the solvent.

Step 2: Dissolve the product of Step 1 (0.1 g) in EtOH
(10 ml) and bubble methylamine gas through the solu-
tion until saturated (about 30 min.). Evaporate the sol-

vent to obtain the title compound as a white solid,
M-+=330.
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EXAMPLE 5

N—(Z-guanidinoethyl)-_é,.5-diamino-6-chloropyrazine-2-
carboxamide hydrochloride trihydrate

Step 1: Dissolve 3,5-diamino-6-chloropyrazine-2car-
boxylic acid (1 g) in warm DMF (15 ml). Cool to 25° C.,
add CDI (0.86 g) and stir under N3 for about 30 minutes
(a precipitate form). Add ethylenediamine (0.9 g) and
stir the resultant solution overnight. Filter the reaction
solution and evaporate the solvent. Purify by flash chro-
matography on silica gel (100 g) eluting with
CH2Cl:MeOH:NH4OH (70:30:1). Collect the desired
fractions and evaporate the solvent to obtain N-(amino-
ethyl)-3,5-diamino-6-chloropyrazine-2-carboxamide.

Step 2: Dissolve the product of Step 1 (100 mg) and

S
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2-methyl-2-thiopseudourea sulfate (122 mg) in water

(0.5 ml) and MeOH (0.5 ml) and heat on a steam bath for
I hour. If all the starting chloropyrazine is not reacted,
add more pseudourea and repeat the procedure. Tritu-
rate the resulting residue in EtOH to obtain the sulfate
salt of the title compound. Chromatograph the product
on a high pressure reversed- phase prep C18 column
(Dynamax), elutmg with MeOH:H;O (40:60), 0.2%
TFA, at 10 ml/min., followed by a C18 Magnum 20
column (Whatman), eluting with MeOH:H,O (30:70),

20

0.2% TFA. Dissolve the resultant residue in 1IN HC],

evaporate the solvent, redissolve in water and lyophi-
l1ze to obtain the title compound as a yellow solid, m.p.

100° (d), M+ =272.

EXAMPLE 6
N-[2-[2-cyano-3-(4—methoxycarb0nylphcnylmoth-yl)-

guanidino]ethyl]-3,5-diamino-6-chloropyrazine-2-car-

boxamide, hemihydrate

Step 1: Slurry dimethylcyanodithioimide (0.5 g) in
MeOH (5 ml), add triethylamine (0.16 ml), add 4-
methoxycarbonylbenzylamine (0.31 g) and stir for 2
hours. Dilute the reaction mixture with MeOH, filter
and dry the precipitate. |

Step 2: Slurry the product of Step 1 (0.27 g) and
ethylenediamine (0.13 ml) in DMF (5 ml) and heat at
55° C. overnight, then at 65° C. for 8 hours. Evaporate
the solvent to obtain a residue. |

Step 3: Dissolve 3,5-diamino-6-chloropyrazine-2-car-
boxylic acid (0.2 g) in warm DMF (3 ml), cool to 25° C.,
add CDI (0.162 g) and stir for 1 hour. Add the product
of Step 2 (0.28 g) in DMF (1 ml) and stir for 60 hours.
Evaporate the solvent and titurate the resultant residue
in EtOAc. Purify the residue by flash chromatography

on silica gel (200 g), eluting with CHCl;:MeOH:N-

H4OH (95:5:1) to obtain the title compound as a white
solid, m.p. 190°-195° C., M+ =445.

EXAMPLE 7
- N-[2-[2-carbamoy]-3-(4-methoxycarbonylphenylme-

thyl)-guanidino]ethyl]-3,5-diamino-6-chloropyrazine-2-

carboxamide, hydrochloride, pentahydrate
Dissolve the product of Example 6 (100 mg) in TFA

(10 ml) and allow to stand overnight. Evaporate the

solvent and dry the resultant residue under high vac-
uum. Triturate the residue in IN HC], evaporate the
solvent and dry under high vacuum at 60° C. overnight

to obtain the title compound as a yellow solid, m.p. 140°
C.(d), M+=463. -
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EXAMPLE 8

N-[2-[(N-cyano)guanidinolethyl}-3,5-diamino-6-
chloropyrazine-2-carboxamide

Use a procedure similar to that described in Example
1, substituting ammonia for methylamine in Step 1 to

obtain the title compound as a pale yellow SOlld
M+ =297.

EXAMPLE 9

N-[4-[(N’-carbamoyl-N""methyl)guanidino]butyl]-3,5-
diamino-6-chloropyrazine-2-carboxyamide
dihydrochloride dihydrate

Use a procedure similar to that described in Example
3, Method 1, substituting the product of Example 2 as
the starting material, to obtain the title compound as a
hygroscopic orange solid, M+ =357.

The compounds of this invention are useful in view of
their pharmacological properties. In particular, com-
pounds of this invention possess activity as anti-hyper-
tensive agents.

The compounds of this invention can be combined
with pharmaceutical carriers to prepare well known
pharmaceutical dosage forms suitable for oral or paren-

teral administration. Such pharmaceutical compositions

are useful in the treatment of cardiovascular disorders
and particularly mammalian hypertension.

The effective daily antihypertensive dose of the com-
pounds of this invention will typically be in the range of

~about 0.01 to 1 mg/kg, preferably about 0.05 to 0.2,
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especially about 0.1 mg/kg mammalian weight, admin-
istered in single or divided doses. The exact dose to be
administered is determined by the attending clinician
and is dependent upon where the particular compound
lies within the above quoted range, as well as upon the
age, weight and condition of the individual.

Generally, in treating humans having hypertension,
the compounds of this invention may be administered to
patients in need of such treatment at a dose of about 0.5

‘to about 10 mg per patient generally given several (e.g.,

1-4) times a day, thus giving a total daily dosage of from
about 0.5 to about 40 mg per day.

The compounds of the present invention are prefera-
bly administered orally, e.g., in tablets or capsule form,
but may also be administered parenterally, e.g., injecta-
‘ble solutions or suspensions. Also contemplated are
mechanical delivery systems, e.g., transdermal dosage
forms.

We claim:

1. A compound represented by the formula

r\NH—(CHg)n—NH NHR}

R1HN NHR,

wherein
n is 2-6;
RisF,Cl Brorl;
R and R; are independently hydrogen or lower al-
- kyl;
R3 is hydrogen, lower alkyl, aryl, substituted aryl,
- heterorayl, substituted heteroaryl, lower alkylaryl,
substituted lower alkylaryl, lower alkylheteroaryl,
or substituted lower alkylheteroaryl wherein aryl is
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a C¢~C1p carbocyclic aromatic single or fused ring,
heteroaryl i1s a 5-6 membered aromatic ring
wherein 1-3 ring members are selected from the
group consisting of oxygen, nitrogen and sulfur,
and wherein substituted aryl, substituted heteroa-
ryl, substituted lower alkylaryl and substituted
lower alkylheteroaryl have on the aryl or heteroa-
ryl portions thereof 1-3 substitutents selected from
the group consisting of lower alkyl, lower alkoxy,
halogeno, amino, carboxy and lower alkoxy car-
bonyl;
Y 1s =CH— or =N~
Z 1s hydrogen, cyano or carbamoyl when Y is =N—,
and when Y is —CH—, Z 1is nitro;
and the pharmaceutically acceptable acid addition
salts thereof.
2. A compound according to claim 1 wherein n is 2.
3. A compound according to claim 1 wherein Y is
—=N—.
4. A compound according to claim 1 wherein R is
chloro or iodo.
5. A compound according to claim 1 wherein Ry and
R are each hydrogen.
6. A compound according to claim 1 wherein Rj is
hydrogen or lower alkyl.
7.1 A compound according to claim 1 wherein Y is
—N— and Z 1s cyano.
8. A compound according to claim 7 wherein n is 2.
9. A compound according to claim 8 wherein R and

R; are each hydrogen and Rj3 is hydrogen or lower
alkyl.
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10. A compound according to claim 1 wherein Y is
—CH— and Z is nitro.

11. A compound according to claim 10 wherein n is 2.

12. A compound according to claim 1 named:
N-{2-[(N'-methyl-N"'-cyano)guanidino]ethyl]-3,5-

diamino-6-chloropyrazine-2-carboxamide;
N-[2-[(N'-cyano)guanidinojethyl]-3,5-diamino-6-

chloropyrazine-2-carboxamide;
N-[2-[(N’-methyl-N"-cyano)guanidinojbutyi]-3,5-
diamino-6-chloropyrazine-2-carboxamide;
N-[2-[(N’-carbamoyl-N""-methyl)guanidino]ethyl]-3,5-
diamino-6-chloropyrazine-2-carboxamide;
N-[2-[(N'-carbamoyl-N''-methyl)guanidino]butyl]-3,5-
diamino-6-chloropyrazine-2-carboxamide;
N-[2-{(N-(1-methylamino-2-nitroethylidene)-amino]e-
thyl]-3,5-diamino-6-chloropyrazine-2-carboxamide;
N-(2-guanidinoethyl)-3,5-diamino-6-chloropyrazine-2-
carboxamide;
N-[2-[2-cyano-3-(4-methoxycarbonylphenylmethyl)-
guanidino]ethyl]-3,5-diamino-6-chloropyrazine-2-
carboxamide; and
N-[2-[2-carbamoyl-3-(4-methoxycarbonylphenylme-
thyl)guanidino]ethyl]-3,5-diamino-6-chloropyrazine-
2-carboxamide.

13. A method of treating hypertension comprising
administering an antihypertensive effective amount of a
compound of claim 1 to a mammal in need of such
treatment. ,

14. A pharmaceutical composition comprising an
antihypertensive effective amount of a compound of

claim 1 and a pharmaceutically acceptable carrier.
* * % kx %
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